Aim :
index ( ), and to identify the potential sources of the studied heavy metals with respect to different sampling sites.
The rice fields are usually distributed along the banks of the main part of Le'An River, which is congested with numerous rural villages (Table 1) . Nine major rice planting sites, namely, Daicun, Minkou, Houbu, Yanghu, Zhangjiazhou, Lucibu, Chengxin, Yejia and Shanglian were selected. Rice plants in these areas are usually grown from March to September. Waste water from the Dexing copper mine flows directly into the Dawu River and then runs into the main stream. The Jishui River is heavily polluted with metals and connects with the Le'An River at Daicun (Fig. 1, ST1 ). The main stream from ST17 to ST22 consists of numerous dredges and township enterprises that have no waste water disposal process.
The samples were collected from the flood plains, farm fields and high lands from 20 to 25 during March, 2014 ( Fig. 1) . To reduce the impact of soil heterogeneity, a five-point sampling method with a "W" type distribution was used to collect soil samples. After thorough mixing, every sample consisted of approximately 1 kg of surface lay sediment (0 to 20 cm). The location of each sampling site was recorded using a global positioning system device (Magellan 310 GPS). A total of 145 samples were collected from 29 studied sites. With respect to the samples, 55 were collected from sites located in the flood plains, 55 were collected form farm fields and 35 were obtained from locations in the high lands. In laboratory, the samples were air dried at room temperature, crushed, grounded and then stored in refrigerator before analysis.
Samples were microwave-digested for the total concentration analysis (MLS-1200 MEGA highperformance microwave digestion). Each digestion batch included a reagent blank and a representative reference standard. Chemical partitioning of Cu, Zn, Pb, Cd, Cr and As were analyzed by a sequential extraction method (Tessier ., 1979) and the total concentration of heavy metals were determined by inductively coupled plasma-atomic emission spectrometry (ICP-AES, Thermo 6300). Reference materials, GSD-9 and GSD-11 offered by the Chinese Academy of Geological Sciences, were used to guarantee the accuracy of analysis. The coefficient of variation of replicate analysis was found to be less than 6%, and the regression coefficient of calibration standards was >0.999. The certified values of repeated analysis of standards were within ± 2%.
Sediment quality values (SQVs) were used for the interpretation of sediment quality. As indicated in Table 2 , the screening quick reference table (SQUIT) is designed to evaluate the pollution degree of heavy metals. Usually, the reference values in the SQUIT are divided into five levels based 
Introduction
It is well acknowledged that heavy metals are the most important elements for life ecosystems and development of our present society. However, heavy metals are non-biodegradable and non-thermo degradable and they persist and accumulate in environmental ecosystems to toxic levels after extended period of time (Ajasa ., 2004; Arora ., 2008; Naimo, 1995) . In recent years, heavy metal pollution of soil has attracted extensive attention due to serious negative effects on human health and on the environment (Muchuweti ., 2006) . A complete understanding of the availability and occurrence of heavy metals is critical to guarantee the quality of food and water (Christophoridis ., 2009; Facchinelli ., 2001) . In fact, heavy metals may come from different sources, including transportation, agriculture, industrial discharges and human activities (Chander ., 2001) .
As a result of current and past metal mining, these activities have contaminated most river channels and flood plains in many parts of developed (Borrego ., 2002) and developing countries (Ji ., 2015; Razo ., 2004) . Heavy metals can deposit in soil at toxic levels due to long-term irrigation that uses wastewater produced from industry activities (Muchuweti ., 2006; Arora ., 2008) . However, these elements can be released into the water body or soil solutions again when the outer environment transfers from one stage to another stage, and those then can be absorbed by farm vegetations (Muchuweti ., 2006) . Heavy metals in soil can also impact crop production, aquatic system health, and human health via food chains (Ajasa ., 2004; Zhuang ., 2009) . Crops planted in neighbourhood of contaminated sites can slowly uptake and accumulate heavy metals, and thus eventually pose a potential risk to animals and humans (Muchuweti ., 2006; Zhuang ., 2009 ).
China, with a long history of rice agriculture, is the largest rice producer in the world. Thus, changes in rice production and quality will significantly impact food security not only in Asia, but throughout the world. Due to serious contamination of heavy metal in China ( Bai ., 2011; Deng ., 2004; Li ., 2014; Xin ., 2014) , agricultural soils have become a growing public concern ever (Alfaraas ., 2016). However, few studies have been reported about the heavy metals distribution in rice planting areas. Lake Poyang is known widely in the world for its wetland and the largest freshwater lake in China. Pollutants in this region have attracted the scientific community in recent years (Ji ., 2014; Luo ., 2008; Yuan ., 2011) . The Le'An River Basin (LRB), which attracts numerous nonferrous metal mining and processing companies, is situated in the eastern part of the Lake Poyang Basin, China (Fig. 1) . These industrial activities have led to serious heavy metal accumulation (He ., 1997; 1998) . However, few reports have been reported about the spatial characteristics of heavy metals in these farmland areas. The present study aims to investigate the distribution of heavy metals elements in the flood plains, farm fields and high lands. Furthermore, this study also aims to assess the potential risk by using the pollution integrated index (PI) and geoaccumulation The pollution degree of heavy metals is evaluated by calculating the pollution index (PI) and Nemero synthesis index (integrated pollution indexes, NSI). In general, PI is calculated by dividing concentration with the geometric background concentration. As indicated in the reference, the Nemero synthesis index (NSI) can be calculated by the equation presented in the reference.
The geoaccumulation index ( ) is a useful criterion for evaluating the pollution degree of heavy metals. Since reported in the late 1960s, has been widely introduced to assess the pollution degree of contaminated sediments in marine, aquatic and terrestrial environments, and has also been widely used for the assessment of soil pollution. 
Results and Discussion
The distribution of heavy metals for 29 sampling sites collected from nine typical rural villages is presented in Fig. 2 and Table 3 . Generally, the flood plains exhibited the highest values of all heavy metals due to the continuous source contamination from upstream, where many non ferrous metal mining and processing companies, including the Dexing Copper Company, were distributed along the Le'An River. Spatial distribution of heavy metal in the rice fields is similar to those of the main river. As usual the intermittent use of irrigation water directly from the main river has led to the accumulation of heavy metals in the farm soils. The values of heavy metals in high lands are less than the values of those collected from rice fields and flood plains.
The maximum values were usually detected in the mud flats close to mining industries, such as ST6 and ST7, which were close to industry parks, and ST14, ST17, ST18 and ST19 which were affected by dredges and township enterprises. With respect to absolute concentration, the highest mean concentrations were recorded for Zn at all sites, followed by Cu, Pb, Cr andAs. ST6, which was close to Minkou village, recorded the highest concentrations of Zn, Cd and Cr. The results indicate that the significant spatial variability is mainly contributed by the variations of heavy metal All sampling sites are located in the floodplain in main channel which are bare in dry season and are flooded in raining season with polluted water coming from the upstream of Dexing copper mine, Yinshan Lead Zinc Mine and other heavy metal mining production. Generally, sediments collected from these areas are mainly constituted of sand and clay. Among of them, ST6 and ST7 are close to industry parks where there are hundreds of enterprises without any wastewater treatment process. With the steady and slow flow, the main rivers from ST17 to ST22 are full of dredges through the whole year and township enterprises without any wastewater disposal process. Usually, the rice plants are distributed along the banks of the main Le'An River congested with numerous rural villages.
In general, sampling sites in these areas are located in rice fields close to the main river from where polluted water has been taken and used directly to irrigate farms for many years. Among of them, ST4 and ST20 are overly close to residential areas and the rural roads. ST8 is close to country road. Local downtown and middle school are located neighbor to ST9. Interstate Lejiang highway pass through ST23 and ST29, while ST24 and ST26 are surrounded by river and local residential villages.
These samples sites assorted in this part are referred to minor polluted areas. In general, samplings are collected from natural woodlands in highlands far from agriculture and industry disturbance. Usually, there are not flourish industries, mining enterprises and chemical companies in these areas. sources and the quantity of pollutants discharged through the sewage and effluents of the main river (Ni ., 2011) . However, the high lands have values similar to those of Lake Poyang, which may be due to less effluence from the social activities.
et al
After comparing the background values in Lake Poyang (Gong ., 2006) , the results reveal that the main stream of River Le'an is facing threat due to the heavy metals. This is especially true for Cd and Cu, whose levels were 59.88 and 55.73 times et al O n l i n e C o p y Table 4 , it can be concluded that the degree of pollution in flood plains was significantly higher than that rice farmlands (Part II) irrigated with polluted river water that exhibited relatively higher degrees of severe pollution (Liu ., et al 2002; Zhang ., 2009) . It is further noted that the results of the present study exceeded the data reported in the same region of Raohe (Zeng ., 2011).
The geochemical conditions existing in the sediment can significantly affect the heavy metals envionmental activities (Kokovides ., 1992; Adamo ., 2005) . As presented in Table 5 and Fig. 3 , the partitioned fractions from 1 to 3, named as percentage of the potential bioavailability for Cu, Zn, Pb, Cd and Cr, exceeded 50% of the total metals. In general, the percentage of bioavailability for Zn, Cd, Cr and As in the high lands were slightly higher than for other elements. The highest potential bioavailability value for Cu was recorded in the flood plains. The correlation matrix of six Part I heavy metals is presented in Table 6 . The results indicate that the acid extractable fractions positively correlated well with each other. Excluding the correlation between Cr and As, a similar positive correlation can also be concluded for the reducible fraction. Table 6 also indicates that the reducible fraction for Cu almost correlates well with all other reducible fractions. However, the oxidizable fractions for heavy metals did not exhibit good positive relationships with each other. In general, heavy metals in the flood plains revealed positive correlations and currently may arise from the same sources. Some reports indicate that the discharges from Dexing copper mine and the mines along the Le'An River have resulted in a significant accumulation of heavy metals (He ., 1997; 1998). The results of the correlation matrix of Part II are presented in Table 7 . It is not surprising that most heavy metals in this part did not exhibit positive correlations with each other. The r values were commonly at low levels in all fractions. The results indicate that the source of heavy metals in Part II is complicated and affected by various activities. Polluted irrigation water is one of the important sources for heavy metals. Furthermore, the current irrigation methods have also drained the surrounding area and contributed to the contamination of the sediments (Liu ., 1999) .
et al et al
In most cases, the sediment quality criteria (SQC) are used to promote additional biological and chemical testing to determine the extent and significance of the contamination (Burton, 2002; Waykar and Petare, 2016 the marine SQV was used for evaluation of sediment heavy metals. As shown in Table 5 , all the heavy metals in Part I were above ERM and AET, except for Cr with concentrations of 291.47 for total metals above PEL and 140.37 for bioavailability partitioned fractions above ERL. By comparing the maximum values to SQUIT guidelines, the values of Cu, Zn, Pb, Cd andAs in Part II were above ERM, while that of Cr was slightly above PEL. The bioavailable portion of Zn, Pb and Cd in Part II was above ERM posing adverse effects on aquatic organisms. Meanwhile, the concentrations of bioavailable portion of Cu were above PEL and those of Cr and As were above ERL. However, the bioavailable portion of heavy metals in Part III was almost lower the PEL, indicating that Part III remains relatively clear.
The calculations of pollution index (PI) and Nemero synthesis index (NSI) are listed in Table 8 . Based on the PI values, sediments in Part I had the highest contamination level, with a value 3.0. The minimum value was 3.34 for Cr. It can be concluded that the flood plains have been heavily contaminated in the past decades. In Part I, the degree of heavy metal pollution increased in the following order : Cr<As<Pb<Zn<Cu<Cd Similarities were also found in Part II, most elements exceeded the highest contamination level, excluding As and Cr. However, Cu, Zn, Cr, Pb and As in Part III approached the background values. The NSI values were also calculated for each sample and presented in Table 8 . The significant differences for the NSI values between different parts are recorded, which is likely due to different pollution sources and local background variations. Compared with the Soil Environmental Quality Assessment Standards (State Development Center for Green-food of China 2000), sampling areas in Part I and Part II can be sorted as highly contaminated, and that in Part III can be sorted as less contaminated.
As presented in Table 9 , the was performed to evaluate the contamination of heavy metals. In general, the values for Parts I, II, and III reveal obvious differences. Applying the classification system devised by Müller, the elements range from uncontaminated (Class 0) to extremely contaminated (Class 6). Apart from Cr, the values in Part I reveal that nearly all the examined elements fall into Classes 5 and 6 indicating extreme contamination in these areas. The value for Cr in Part I was 1.90, indicating that the sediment in this sampling area is moderately contaminated. The values forAs in Part I were greater than three. The values in Part II for Cu, Zn were lower than those in Part I with two class differences. According to the values in Part II, sediments in most of the sampling areas in this section could be classified as moderately to heavily contaminated. In Part III, the values for most elements were lower than 0, with the exception of Cd, which falls into the category of practically uncontaminated. The Cd values varied highly, ranging from 0.31 to 1.44. The median for Cd was 0.91, which is considered uncontaminated to moderately contaminated.
The correlation analysis of heavy metals for Part I and Part II is listed separately in Based on the PCA, factor 1 can be identified as industrial sources because it consists primarily of all types of heavy metals and factor 2 can be identified as soil erosion and agricultural activities (Huang ., 2009) . Similar result can also be concluded for Part II. In these areas, factor 1 was dominated by high loadings of Pb, Zn, Cd, and Cr and a low loading of Cu, which usually results from the mine extracts and purification of non ferrous metals. Association between Cu and As can be observed in factor 2, which accounts for 19.84% of total variance. The primary emission source for this factor is resuspension of soil-derived particles. Accordingly, these results suggest that the concentrations of Cu in sediments originate from two types of emission sources. Apart from the influence of a nonferrous mine, Cu partly originates from soil surface erosion and agricultural areas (Bem ., 2003) . This study revealed that the paddy fields planted along the Le'An River in Lake Poyang were facing different degree heavy metals pollution which was mostly decided by the elevation where the farmlands were cultivated. A higher ecological risk was also observed for the higher ratio of exchangeable status of heavy metals. Nonferrous metal mining and processing enterprises may have contributed to contamination enrichment and magnification. In addition, hydrological processes in the main stream could also affect the spatial distribution of pollutants in the research areas.

